Suicide rates from a global sample of 73 countries over the period 1990-2010 are empirically explored. We find evidence of an 'N-shaped' suicidal Kuznets curve between per capita income and suicide rates in the male population of 25-34, 34-54 and 55-74 age groups and the female population of the 55-74 age group. These results remain firm to several robustness checks.
Introduction
Suicide rates are an indicator of extreme life dissatisfaction and constitute a negative revealed preference indicator of well-being within a given country. This remains contentious given some medical researchers caution against inferring broader societal mental health conditions from suicide rates (Holley, 1998) . However, if the focus is on inferring more narrowly across suicidal ideation and chronic depression, then such inference is reasonable.
The well-being and specifically mental health effects of variations in socioeconomic factors have received enormous empirical attention. One particular aspect, the linkage between suicide mortality and unemployment, has prompted much discussion in recent decades (see, for example, Collins, 2014, 2015) and there is a sizeable literature on the link to other socioeconomic indicators, such as income and/or economic growth (see, for example, Hamermesh and Soss, 1974; Virén, 1999; Jungeilges and Kirchgassner, 2002; Andrés, 2005; Okada and Samreth, 2013) . Despite the breadth and depth of existing work, no study to our best knowledge examines in a systematic fashion the global pattern of well-being via a revealed preference approach and with a particular focus on the suicide-income (growth) relationship.
Economic prosperity has been postulated in various works to lead to both declines and rises in suicide mortality.This is reflected by mixed evidence in empirical work. For example, Virén (1999) and Jungeilges and Kirchgassner (2002) suggest that suicide rates have a positive association with income while there are many others suggesting the opposite effect (e.g. Andrés et al., 2011; Okada and Samreth, 2013) or insignificant results. Against this backdrop, we examine whether suicide mortality differs with respect to socio-demographic factors and the level of economic development among countries. Put differently, we investigate the existence or otherwise of a 'suicidal Kuznets curve' (SKC). We find evidence of an N-shaped suicidal Kuznets curve between per capita income and suicide rates in the male population of 25-34, 34-54 and 55-74 age groups and the female population of the 55-74 age group.
The remainder of this paper is organised as follows. Section 2, outlines the methodology and describes the data used. Section 3 presents the empirical results and Section 4 summarises and offers some concluding remarks.
Annual observations of gender-and age-specific suicide and population data were extracted from the World Health Organization (WHO) Mortality Database. Missing values of suicide and population were supplemented (where possible) with data from the official national statistics agency of each country and United Nations statistics. Following inspection of the data series we settled on a panel dataset of 73 countries covering the period 1990 to 2010. The choice of specific countries and time periods was driven by data availability. For a detailed data description, please refer to the Online Appendix.
Following earlier literature (see Chen et al., 2012) , we additionally control for the potential socioeconomic determinants of suicide rates across countries. We estimated variants of the following (extended) Suicidal Kuznets curve model:
where S ijkt is the suicide rate in country i (where i = 1, 2, ..., 73), population j (where j = overall, male, female), age group k (where k = all, 15-24, 25-34, 35-54, 55-74, 75+ years) and time t (where t = 1990,...,2010); α 0 is a constant; S ijkt−1 is the first lag of S ijkt and is included to account for dynamic effects and to filter autocorrelation of order one, AR(1), found in the series; Y it , Y 2 it and Y 3 it denote the logarithm of real per capita GDP (at purchasing power parity, PPP, rates; 2011 US$) in level, square and cubic terms, respectively; E it is a vector of economic characteristics affecting suicide rates, such as the growth rate of real GDP, Growth it , and the unemployment rate, U nemp ijt ; D it is a vector of demographic and social characteristics affecting suicide rates, such as fertility rate, F ert it , life expectancy, Lif exp ijt and the share of urban population, U rban it . γ 1i are country fixed-effects controlling for time-invariant country characteristics, and δ t are time fixed-effects, controlling for any time-varying differences in the dependent variable common to all countries, such as the global financial crisis. ε it is the error term.
However, the inclusion of the lagged dependent variable, S ijkt gives rise to 'dynamic panel bias', and any potential endogeneity of the right hand side variables, may give rise to inconsistent estimates under the fixed effects (FE) estimator. To overcome these issues, we employ the system generalised method of moments (System-GMM) estimator approach.
Moreover, we used the two-step rather than the one-step approach, as the former is asymptotically more ecient than the latter and is robust to substantial heteroskedasticity and autocorrelation within panels. The inclusion of the logarithm of per capita GDP in level, Y t , square, Y 2 t , and cubic, Y 3 t , terms in model (1) serves as our primary focus in the examination of the potential relationship between suicide rates and economic development, i.e. the SKC. The existence and shape of such a curve depends on the significance and signs of the coefficients β 1 , β 2 and β 3 from model (1).
Estimation Results
The main results of our empirical analysis for male and female populations, across the various age groups, are reported in Tables 1 to 2. 1 There is evidence of gender-and age-specificity in the relationship between suicide rates and economic development. We observe that, generally, the coefficients of per capita income, including squared and cubic counterparts are positive, negative and positive, respectively, across males of all ages in Table 1 . Yet, they are only significant for the 25-34 (at the 10% level), 35-54 (at the 5% level) and 55-74 (at the 10% level) age groups, under columns (3), (4) and (5) of Table 1, respectively. This is suggestive of the existence of an N -shaped Suicidal Kuznets curve in the case of the aforementioned age groups of the male population. Further, the validity of our instruments is strongly supported, as the autocorrelation tests of order 1 and 2 in the first-differenced residuals of the GMM approach point to first-order but not secondorder autocorrelation, as one would expect. Turning to the female population results reported in Table 2 , an N -shaped SKC is identified for females in the 55-74 age group under column (5) of Table 2 . Further our model appears correctly specified, as the results of the autocorrelation tests provide strong support to the validity of our instruments.
[Insert Tables 1 and 2 around here]
The N -shaped SKCs empirically identified are in line with an assessment of the corresponding scatter plots (not presented herein, but available from authors upon request).
Further, our empirical results suggest that a significant N -shaped SKC exists only for 1 The results for the overall population are available in the Online Appendix. the female population in the 55-74 age group. The results for the remaining predictors of suicide mortality accounted for are in line with the existing literature and are significant in many instances. Yet, there is also evidence of gender-and age-heterogeneity in the responses of suicides rates to those predictors.
Having found evidence of an N-shaped SKC for the identified age groups we calculated the inflection points (for calculation details, please refer to the Online Appendix). The inflection points are presented in Table 3 . For the male population of 25-34, 34-54 and 55-74 age groups these are $7,727 and $46,306, $5,266 and $22,726, and $3,459 and $53,260, respectively, while for the female population of 5574 age groups are $4,022 and $43,351.
On average and across both genders, as per capita income increases, suicide rates for the 25-34 and 35-54 age groups follow an increasing trend and peak when per capita income reaches $7,304 and $6,498, respectively, then follow a declining trend until $60,819 and $25,129, respectively, and increase thereafter again.
[Insert Table 3 around here] Finally, the aforementioned results are very robust to various robustness checks presented in the Online Appendix.
Summary and Concluding Discussion
Intuitively it appears from these results that the race to increase income over time in order to escape poverty generates net negative mental health spillover effects. Then for middleincome countries, any further income rises are seemingly associated with net positive mental health spillover effects. For high-income group countries, further income increases seem to be associated again with net negative mental health spillover effects. It seems likely, however, that there are a different or wider range of factors (compared to the lowincome countries) that account for these net negative mental health spillover effects which further research might help identify e.g. work-life balance concerns, arduous commuting, peer group pressures and status anxieties that echo elements of the Duesenberry (1949) relative income hypothesis.
Exploring the link between economic development and well-being via this revealed preference methodology has uncovered some robust evidence of SKCs. Controlling for several country-specific suicide determinants, we show evidence of an N -shaped SKC both in the male population (within the 25-34, 34-54 and 55-74 age groups) and female population (in the 55-74 age group).
These results goes some way to account for the degree of plurality in the existing body of empirical findings on the suicide-economic growth linkage. The results may also serve as evidence to prompt some countries, in the face of declining suicide rates, to guard against complacency if increased economic prosperity is anticipated. Given the N-shaped form of the relationship there is a case for resisting very significant diminution of resources devoted to encouraging mental health wellbeing and addressing suicidal behaviour. Yet, any conclusions reached by observing the patterns of suicides in numbers will be biased due to the changing population patterns overtime that need to be accounted for. Thus, based on the above data, we convert the number of suicides to suicide rates per 100,000 inhabitants (by diving suicides by population and multiplying the resulting number by 100,000), broken down by age and gender in each of the 73 countries. A snapshot of the average suicide rates across genders and age groups presented in Table   A .2 and their evolution presented in Figure A .2 reveals age, time and gender heterogeneity.
In particular, male suicide rates are consistently higher than female ones. In addition, overall, male and female suicide rates increase with age, which is in line with the theoretical predictions of Hamermesh and Soss (1974) . Moreover, overall, male and female suicide rates peak around the mid-1990s and then follow a slight decreasing trend until the end of the sample. These features indicate the necessity to take into account the gender-, ageand time-heterogeneity, as well as controlling for country-specific effects in the empirical analysis of suicide rates.
[Insert 
A.2 Overall population results
According to Table A .5 which report the main results for the overall population, there is evidence of gender-and age-specificity in the relationship between suicide rates and economic development. We observe that the coefficients of per capita income, including squared and cubic counterparts are positive, negative and positive, respectively, across all ages in Table A .5. Yet, they are only significant for the 25-34 (at the 10% level) and
35-54 (at the 5% level) age groups, under columns (3) and (4) of Table A .5, respectively. This is suggestive of the existence of an N -shaped Suicidal Kuznets curve in the case of the aforementioned age groups.
A.3 Inflection points
Having found evidence of an N -shaped Suicidal Kuznets curve in the aforementioned age groups and genders, we then calculate the inflection points, i.e. the peak and trough of per capita income associated with the N -shaped curve as follows
whereβ i , with i =1,2 and 3, correspond to the coefficients of log of per capita income, its square and its cubic counterparts, respectively obtained from model (1).
A graphical representation of an N -shaped Suicidal Kuznets curve in the context of suicide mortality is given in Figure A .3 in the Appendix. As discussed, the N -shaped curve indicates that suicide mortality first increases with income per capita, but decreases after a certain level. This is how a peak is formed. Along with further increase in income per capita, suicide mortality tends to rise again, which provides a trough in the N -shaped Suicidal Kuznets curve.
[Insert Figure A .3 around here]
A.4 Robustness Analysis
In this section, we perform several robustness checks. First, as the estimation results based on the cubic model (1) in the main text provided evidence of an N -shaped Suicidal Kuznets curve only for a subset of age groups across genders in our sample, we restrict model (1) from the main analysis to a quadratic version as follows
where the variables are defined the same as those in the main analysis, and re-estimate (3) Brainerd, 2001; Collins, 2014, 2015) .
As a second robustness analysis, we examine the robustness of our baseline System-GMM results based on model (1) given in the main analysis to the fixed effects OLS results and compare the coefficient on the lagged dependent variable under fixed effects (FE) with that under the System-GMM. Since our emphasis on System-GMM is motivated by the downward bias in models that include a lagged dependent variable and exhibit unit effects (Nickell, 1981) , the lagged dependent variable coefficient in a correctly specified GMM model should not lie below the lagged dependent variable coefficient in the FE model (Bond, 2002 Instruments are restricted to 2 lags to minimize instrument count. Endogenous variable is the lagged dependent variable. First order serial correlation in first-differenced residuals (AR(1) significant) with no second order serial correlation (AR(2) insignificant) supports the claim that instruments for the System-GMM models are valid. *, ** and *** indicate significance at 10%, 5% and 1% level, respectively. 
